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1
FLEXIBLE NVIS FILTER

FIELD OF THE INVENTION

The invention relates to displays, and more particularly, to

filters that filter out or attenuate light having wavelengths
that interfere with night vision (NVIS) systems.

BACKGROUND OF THE INVENTION

Night vision imaging (NVIS) systems provide improved
vision and situational awareness in low ambient light con-
ditions to a viewer such as an aircrait pilot. A night vision
imaging system allows the pilot or operator to use night
vision 1maging goggles while flying the aircraft. Night
vision 1imaging goggles are sensitive to light primarily 1n the
red to near-infrared wavelengths, approximately 610
nanometers (nm) to 930 nm 1n the electromagnetic spectrum
(the near-infrared spectrum). Night vision imaging goggles
allow the pilot to view outside conditions 1n low light using
light 1n the near-IR spectrum, allowing aircraft operation
during nighttime conditions.

It 1s 1mportant to ensure that avionics display systems
provided 1n an aircrait are compatible with the use of night
vision imaging goggles. If the light from an avionics display
1s within the near-IR spectrum and therefore viewable by the
night vision goggles, the light from the display can be seen
reflecting off the aircraft canopy, degrading goggle perfor-
mance and pilot vision. Incompatible lights make the outside
scene less visible with the goggles. Additionally, changing
illumination can aflect visual acuity.

One method of controlling this problem 1s to apply a filter
to any display to be used during NVIS operation. The filter
substantially reduces the transmission of light having wave-
lengths 1n the near-IR spectrum. Using such a filter, an
emissive display can be used during night vision operations.

To save space and increase viewability, NVIS filters
should be conformal to the displays with which they are
used. A non-planar or a flexible display, such as a display
relying on emissive organic light-emitting diodes (OLEDs)
Oor a panoramic rear projection display, requires a corre-
spondingly flexible NVIS filter 11 the display 1s to be used 1n
NVIS applications. Although there 1s a need for a tlexible,
robust NVIS filter that can be used with flexible or non-
planar displays, such filters do not currently exist.

It 1s therefore an object of the ivention to provide a
flexible NVIS filter that may be used with flexible or
non-planar display technologies.

It 1s also an object of the 1nvention to provide a flexible
NVIS filter that can be easily and efliciently manufactured.

A feature of the invention 1s a flexible NVIS filter having
a UV-curable filtering material disposed between flexible
substrates or films.

An advantage of the invention 1s a fully or partially
flexible NVIS filter usable with non-planar or flexible dis-
play technologies.

SUMMARY OF THE INVENTION

The invention provides a flexible filter for use 1n filtering
wavelengths of light that interfere with night vision aware-
ness systems. A filtering material 1s applied to a first tlexible
film 1n a substantially liquid form and 1s cured thereto using
ultraviolet light. The filtering material filters wavelengths of
light between about 610 and 930 nanometers (nm) when
cured. A second flexible film 1s temporarily held 1n place by
a support member. The second flexible film 1s applied to the
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2

cured filtering material and 1s bonded thereto using a com-
bination of increased temperature and pressure for a prede-
termined time. The first and second flexible films are made
ol polyurethane.

The mvention also provides a method of manufacturing a
flexible night vision 1imaging system (NVIS) filter. Accord-
ing to the method, an NVIS filtering material 1s applied to a
surface of a first flexible polyurethane film. The filtering
material 1s cured using ultraviolet light. A second flexible
polyurethane film 1s applied to the cured filtering material.
The filtering material and the first flexible film are bonded
together such that the filtering material 1s between the first
and second flexible films.

The invention further provides a flexible NVIS filter. First
flexible film means are provided. Means for filtering wave-
lengths of light between about 610 and 930 nanometers are
applied 1n a substantially liquid form to the first flexible film
means. The means for filtering 1s cured to the first optical
means using ultraviolet light. Second flexible film means are
applied to the cured means for filtering. The second flexible
f1lm means 1s temporarily attached to a support means while
being bonded to the means for filtering, the fusing being
accomplished using a combination of increased temperature
and pressure for a predetermined time.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a portion of a manu-
facturing process for the invented flexible NVIS filter.

FIG. 2 1s a schematic diagram of another portion of the
manufacturing process for the imnvented flexible NVIS filter.

FIG. 3 15 a side elevational view of the invented flexible
NVIS filter.

FIG. 4 1s another side elevational view of the invented
flexible NVIS filter.

FIG. 5 1s a schematic diagram of an alternate manufac-
turing process according to the invention.

FIG. 6 1s a schematic diagram of another alternate manu-
facturing process according to the mvention.

FIG. 7 1s a flowchart of a method of manufacturing the
invented NVIS flexible filter.

DETAILED DESCRIPTION OF THE DRAWINGS

FIGS. 1-3 depict the several steps of making a flexible
NVIS filter according to a preferred embodiment of the
invention. FIG. 1 shows first and second temporary support
structures 12, 14. Each of the first and second temporary
support structures includes a rigid, planar face 12a, 14a that
1s used to maintain a planar shape of the flexible NVIS filter
during manufacturing. In a preferred embodiment first and
second temporary support structures 12, 14 are made of
glass, with at least second temporary support structure 14
being substantially transparent to ultraviolet light. A tempo-
rary adhesive 16 1s applied to face 12a of first temporary
support structure 12, and a first flexible element 10 1s
thereby secured to first temporary support structure 12. First
flexible element 10 1s substantially transparent and 1s pret-
erably made of a thermoplastic material such as a polyure-
thane film. Polyurethane 1s preferred because of its ease of
handling, 1ts low cost, 1ts transparent optical properties, and
its suitability to the processes described herein.

A filtering material 18 1s applied to a surface 11 of first
flexible element 10. Filtering material 18 1s a liquid or
colloidal substance containing a composition that, when
fully processed as described herein, filters light having
wavelengths within the near-IR spectrum, 1.e. between about
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610 to 930 nanometers (nm) Filtering material 18 may be,
for example, one of the compounds described 1n U.S. Patent
Application Publication No. 2004/0179283, the disclosure
of which 1s incorporated by reference 1n its entirety herein.
Other compositions may be used as well, provided said
compositions have the desired light-filtering characteristics
as described 1n the present application. Filtering material 18
also includes a photopolymer that solidifies or cures the
filtering material when subjected to specific wavelengths of
light. Once filtering material 18 1s applied to surface 11,
second temporary support structure 14 1s applied against first
flexible element 10. Preferably a first liner 20 1s applied to
tace 14a to be positioned between face 14a and filtering
material 18. First liner 20 1s a substantially transparent film
made of a polymer such as polyethylene or polyester and
may have a temporary adhesive applied thereto to keep the
first liner attached to face 14a. Temporary shims 21 are
placed between first liner 20 and surface 11 to provide a gap
within which the filtering material may evenly spread along
surface 11 and stabilize. A small amount of pressure 1s
applied to one or both of the temporary support structures.
When the filtering material has stabilized and has spread
along surface 11, the temporary shims and the small amount
of pressure are removed. A light source L shines light having
wavelengths to which the photopolymer 1n filtering material
1s sensitive, which in a preferred embodiment 1s ultraviolet
light having wavelengths of approximately 365 nm. When
filtering material 18 has been sufliciently cured by light from
light source L such that the filtering material 1s bonded to
first flexible element 10 and 1s no longer 1n a liquid state, first
flexible element 10 1s removed from between first and
second temporary support structures 12, 14. Temporary
adhesive 16 and first liner 20 are either removed from the
first and second temporary support structures, respectively,
or are kept on the temporary support structures for use
during subsequent manufacturing steps.

Now turning to FIG. 2, a second liner 22 1s placed on face
12a of first temporary support structure 12. First flexible
clement 10, now having cured filtering material 18 applied
on one of 1ts surfaces, 1s placed against second liner 22. A
second flexible element 24 1s placed against cured filtering
material 18, and may be kept in contact with the cured
filtering material using a pressure-sensitive adhesive layer
26. Such pressure-sensitive adhesive layer 1s especially
beneficial when the NVIS filter 1s to be used in severe
environments. Second flexible element 24 1s a substantially
transparent material such as polyurethane film, and prefer-
ably 1s made of the same material as first flexible element 10.
A third liner 28 1s placed on face 14a of second temporary
support structure 14, and the first and second tlexible ele-
ments are pressed between the first and second temporary
support structures using a fixture (not shown) and heated to
bond together the first and second flexible elements. For the
materials mentioned herein, 1t has been found that a satis-
factory bond 1s created using the following sequence: (1)
applying a pressure of 30 pounds per square inch (ps1) at 80
degrees Celsius for at least 15 minutes; (2) steadily increas-
ing the pressure and temperature to S0 ps1 and 90 degrees
Celsius, respectively, and maintaining such pressure and
temperature levels for at least 15 munutes; (3) steadily
increasing the temperature to 100 degrees Celsius, and
maintaining such temperature level (as well as holding the
pressure at 50 psi) for at least 15 minutes; and (4) removing,
the assembly from pressure and baking the assembly at 80
degrees Celsius for about 30 minutes. Such a sequence of
pressure and temperature levels bonds or fuses second
flexible element 24 to the cured filtering material such that

5

10

15

20

25

30

35

40

45

50

55

60

65

4

the cured filtering matenal 1s disposed between the first and
second flexible elements 10, 24, thereby forming a flexible
NVIS filter according to the imnvention. Said levels of pres-
sure and temperature also makes the first and second flexible
clements optically clear. The finished filter 1s removed from
between the first and second temporary support structures,
and the second and third liners are removed from the faces
12a, 14a of the support structures. Second and third liners
22, 28 are preferably made of a polymer such as polyester
and function to ensure the first and second tlexible elements
can be separated from the first and second temporary support
structures, respectively, after the bonding procedure has
been completed. The second and third liners may not be
necessary if the temporary adhesive and the first liner are
still usable and are applied to the first and second temporary
support structures, respectively. The finished NVIS filter F 1s
shown 1n FIG. 3. It can be seen that cured filtering material
18 1s protected on either side by a flexible, substantially
transparent film, which 1s the bonded-together combination
of first and second flexible elements 10, 24. Because NVIS
filter F 1s made of layers of thin, flexible polyurethane films,
the NVIS filter 1s so flexible 1t can be spooled or rolled into
itself, as shown 1n FIG. 4.

It should be understood that the process herein outlined
may be varied by adding, subtracting, re-arranging or sub-
stituting process steps while keeping with the spirit of the
described invention. For example, the precise times, tem-
peratures, and pressures disclosed in the preceding para-
graph for the fusing or bonding process may be varied as
desired, provided an adequate bond 1s created. In addition,
the temporary support structures used during the Ultraviolet
light curing process (as shown in FIG. 1) may be different
from the temporary support structures used during the
pressure/temperature bonding or fusing process (as shown in
FIG. 2). Also, as shown 1n FIG. 5, second flexible element
24 may be placed upon uncured filtering material 18 prior to
the UV curing process. An additional layer of temporary
adhesive 40 1s placed between second flexible element 24
and third liner 28 to attach the second flexible element
thereto. As with the embodiment shown in FIG. 1, first
flexible element 10 1s attached to first temporary support
structure 12 using a temporary adhesive 16. First and second
temporary support structures 12, 14 are placed together, and
the filtering material 1s cured using light source L as previ-
ously disclosed. Once the filtering material 1s sufliciently
cured, the first and second flexible elements 10, 24 are
placed 1nto a fixture to be bonded or fused together using a
combination of temperature and pressure conditions such as
what has been described above. If necessary, to aid in
maintaining flatness, umiformity of bonding, and ease of
removal of the finished NVIS filter, an additional polyeth-
ylene or polyester liner 42 may be applied between tempo-
rary adhesive 16 and first temporary support structure 12, as
shown 1n FIG. 6. The process shown in FIG. 6 1s otherwise
the same as what 1s shown 1n FIG. 5.

FIG. 7 1s a flowchart showing a method 60 of manufac-
turing a flexible NVIS filter according to the invention. In
step 62 an optical element, such as, a fully flexible film or
a semi-flexible optical substrate, has a filtering material
applied thereto in a substantially liquid form (i.e., liquid or
colloidal form). The filtering material, when cured, 1s opera-
tive to filter light in the night vision spectrum, 1.¢., between
about 610 and 930 nm. If the optical element 1s Tully flexible
it has previously been adhered to a temporary support
structure using a temporary adhesive. In step 64 the filtering
material 1s cured using ultraviolet light. In step 66 another
flexible film 1s applied to the surface of the cured filtering
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material, which 1s now 1n a substantially solid form upon a
surface of the optical element. In step 68 the optical element
and the flexible film are fused or bonded together, using a
combination of increased temperatures and pressures as
disclosed herein, such that the filtering material 1s disposed
between the optical element and the flexible film.

The Figures show side or edge views of various layers
used in the manufacture of the invented NVIS filter. The
relative thicknesses of the layers as drawn are for conve-
nience i explaining the ivention and are not to scale. Said
relative thicknesses as drawn should not be construed as
limiting the scope of the disclosed invention.

The invention as described herein provides a flexible,
rollable, robust NVIS filter that may be used to attenuate the
light emitted from avionics displays 1n an aircrait. The
invented NVIS filter may also be used 1n other applications,
such as ground vehicle or handheld devices such as hand-
held navigation displays (GPS) for military or commercial
applications. An advantage of the invention 1s that its
flexibility makes 1t compatible with non-planar or flexible
display technologies, such as emissive organic light-emuit-
ting diode (OLED) displays.

Another advantage i1s that the mmvented NVIS filter 1s
ciliciently manufactured. The process and materials
described herein are conducive to large economies of scale
in which a single large filter 1s manufactured and cut to size
according to the desired application.

Still another advantage 1s that the filtering material 1s
placed between flexible or semi-tlexible layers to provide
protection thereto.

Yet another advantage i1s that the invented NVIS filter can
be combined with other NVIS filtering technology. For
example, a secondary NVIS filtering material can be applied
or coated on a surface of the NVS filter.

While the mvention has been disclosed 1n 1ts preferred
form, the specific embodiments thereol as disclosed and
illustrated herein are not to be considered 1n a limiting sense
as numerous variations are possible. The subject matter of
the invention includes all novel and non-obvious combina-
tions and subcombinations of the various elements, features,
functions and/or properties disclosed herein. No single fea-
ture, function, element or property of the disclosed embodi-
ments 1s essential to all of the disclosed mventions. Simi-
larly, where the claims recite “a” or “a first” element or the
equivalent thereof, such claims should be understood to
include incorporation of one or more such elements, neither
requiring nor excluding two or more such elements.

It 1s believed that the following claims particularly point
out certain combinations and subcombinations that are
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directed to the disclosed inventions and are novel and
non-obvious. Inventions embodied 1n other combinations
and subcombinations of features, functions, elements and/or
properties may be claimed through amendment of the
present claims or presentation of new claims 1n this or a
related application. Such amended or new claims, whether
they are directed to a different invention or directed to the
same 1nvention, whether different, broader, narrower or
equal 1n scope to the original claims, are also regarded as
included within the subject matter of the invention of the
present disclosure.

What 1s claimed 1s:
1. A method of manufacturing a flexible night vision
imaging system filter, comprising;:
applying a filtering material to a surface of a first flexible
polyurethane film, said filtering material filtering light

having wavelengths between about 610 and 930
nanometers when cured;

curing the filtering maternial using ultraviolet light,
wherein the filtering maternial 1s cured while the first
flexible polyurethane film i1s held between first and
second temporary support structures, and further
wherein the first flexible film 1s temporarnly adhered to
one of the first and second temporary support structures
while the filtering material 1s being cured;

applying a second tlexible polyurethane film to the cured
filtering material; and

bonding the filtering material to the second flexible film
such that the filtering material 1s between the first and
second flexible films.

2. The method of claim 1, wherein the filtering matenial 1s
applied to the first flexible film as one of a liquid and a
colloid.

3. The method of claim 1, wherein the filtering material
and the second tlexible film are bonded together by applying
at least one of an increased pressure and temperature to the
filtering material and the second tlexible film.

4. The method of claim 1, wherein at least one of the first
and second temporary support structures 1s substantially
transparent to wavelengths of ultraviolet light used to cure
the filtering matenal.

5. The method of claim 1, wherein the flexible material
and the second tlexible film are bonded together while the
first and second flexible films are being held between first
and second temporary support structures.
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